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Inf luence  of Atraz ine  ( 2 - C h l o r o - 4 - E t h y l a m i n o - 6 - I s o p r o p y l a m i n o - s - T r i a z i n e )  on  A u x i n  M e t a b o l i s m  
of P l a n t s  

Triazine herbicides  are classified as specific inhibi tors  
of the  Hill reac t ion  1, 2. Since the  in t roduc t ion  of t r iazines  
as herbicides  in agr icul ture  i t  has  also become ev iden t  
t h a t  side effects  on p l an t  g rowth  m a y  occur. A n u m b e r  
of papers  appeared,  r epor t ing  t r iaz ine- induced g rowth  
s t imula t ions  3-~3 or g rowth  depressionsT, 13,1. in b o t h  
herbaceous  p lan t s  and trees,  which  canno t  be expla ined  
suff icient ly by  the  aspects  of weed control .  A p a r t  f rom 
the  effects on the  l eng th  of t he  plants ,  changes  in the  
size of the  leaves 10,1~-~7 and  the  s t em d iame te r  9, ~0,15, ls-~1 
are repor ted .  F u r t h e r m o r e  the  leaves of ten  look darker  
green, resul t ing f rom an increase in chlorophyl l  and  
n i t rogen  con ten t  ~, 7, 8,10, l~,18,19,21,2~. Senescence was  
shown to  be delayed2, 23. All these  da t a  po in t  to  tile 
conclusion t h a t  t r iazine herbicides  m a y  influence auxin  
me tabo l i sm in p lants .  

Coleoptile cyl inders  of oats  or cress roots  genera l ly  
react  to add i t ion  of low leve ls  of a t raz ine  wi th  g rowth  
s t imula t ions  24. U n d e r  field condi t ions  t r iazine herbic ides  
m a y  act  as synergis ts  or an tagon i s t s  to t he  phenoxyace t i c  
acids depend ing  on the  re la t ionship  in concen t ra t ion  25. 
Peroxidase  was shown to be af fec ted  by  s imazine  or 
a t raz ine  la,~-~7. As perox idase  is general ly  t h o u g h t  to  
pa r t i c ipa te  in the  IAA-oxidase  system3S, ~9, i t  was sug- 
gested t h a t  a t raz ine  m a y  affect  the  auxin  level of p l an t  
t issue by  enhanc ing  or r e t a rd ing  IAA des t ruc t ion .  Our 
s tudies  give suppor t  to th is  hypothes is .  

According to the  mechan i sm of an auxin-spar ing  action,  
enzyme ac t iv i ty  of perox idase  should be  inh ib i ted  by  
tr iazines.  This would raise t he  level of indigenous IAA 
and resul t  in g rowth  s t imula t ions .  A s t imula t ion  of enzyme 
act iv i ty ,  on the  o the r  hand ,  should p roduce  g rowth  
reduct ions  by  lowering the  concen t ra t ion  of t he  indigenous 
IAA con t en t  in plants .  

The IAA-perox idase  ac t iv i ty  de t e rmina t i on  was  per- 
fo rmed as follows: 4 days  old e t io la ted  oat  coleopti les 
(Arena sativa, var.  'Sonnenhafe r ' ) ,  were cut  under  green 
light, 3 cm f rom tile apex.  The coleopti les were pre-  
incuba ted  for 9 h  wi th  a t raz ine  solutions (0 .5•  
0.5 • 10 .3 to  0.5 • 10-3~ using 1 g of p l an t  mater ia l  
f o r  each concent ra t ion .  Coleoptiles were  t h e n  t ransfer red  
t o  flasks conta in ing  IAA-I-I*C in t he  reac t ion  mix tu re  
according to  MULLER 3~ wi th  addi t iona l  a t raz ine  a t  the  
concen t ra t ions  men t ioned  above.  The flasks were kep t  
in t he  da rk  in a wa te r  b a t h  (21 ~ Flasks  were f lushed 
i m m e d i a t e l y  by  deca rbona ted  air  and connec ted  wi th  2 
successive t r aps  conta in ing  4 N  KOH.  Af te r  a reac t ion  
t ime  of 14 h, t he  t r aps  were removed.  CO 2 was l ibera ted  
f rom the  K O H  by  50% H2SO a under  n i t rogen  and  col- 
lected in an organic med ium of e thano l amine  and me thy l -  
cellosolve (1:3, v/v).  Al iquots  were added  to  t he  scintil-  
la t ion l iquid 31. Rad ioac t i v i t y  was measured  wi th  a l iquid 
scint i l la t ion counter  Tr icarb Model  4312. Fo r  detai ls  of 
tile assay t echn ique  see 32. Rad ioac t i v i t y  of x4CO2, 
represen t ing  IAA-perox idase  ac t iv i ty ,  is expressed,  a f ter  
correct ion for quenching,  in p e r c e n t a g e  of t he  control .  
Each  po in t  in F igure  1 is t he  mean  f rom 6 repe t i t ions  of 
the  same t r ea tmen t .  

As can be seen f rom Figure  1, a t raz ine  a t  concent ra-  
t ions  f rom 10-6-10-SM increased enzyme ac t iv i ty ,  ex- 
pressed as the  a m o u n t  of 14CO3 released in compar i son  
wi th  the  un t r ea t ed  control .  Suble tha l  concen t ra t ions  of 
a t raz ine  (0.5 • 10 -1~ to 0.5 x 10-e12V-r) depressed enzyme  
ac t iv i ty  considerably.  The molar  concen t ra t ions  of a t ra-  
zine, a t  which  inhib i t ion  or ac t iva t ion  of IAA-perox idase  
occur, cor respond  to  the  concen t ra t ions  a t  which g rowth  

s t imula t ions  or g rowth  reduct ions  are observed.  I-tydroxy- 
a t raz ine  was inac t ive  unde r  t he  exper imen ta l  condit ions.  

The influence of a t raz ine  on IAA-perox idase  ac t iv i ty  
depends  on the  t empera tu re ,  as seen f rom the  Table.  
W h e n  incuba t ing  the  oat  coleopti les wi th  0.5 • 10-10M 
at raz ine  a t  15 ~ IAA-perox idase  ac t iv i ty  was s t rongly  
inhibi ted.  At  25~ however,  under  t he  same experi-  
men t a l  condit ions,  IAA-deca rboxy la t ion  was s t imula ted .  
This resul t  can par t i a l ly  be expla ined  by  the  fact  t h a t  
t he  up take  of a t raz ine  in p l an t  t issue is known to  be 
increased wi th  rising t e m p e r a t u r e s  83. The higher  t r iazine 
co n t en t  in the  t issue a t  25~ would resul t  in a h igher  
deca rboxy la t ion  rate.  At  present ,  t he  mechan i sm of t he  
act ion of a t raz ine  on IAA-perox idase  remains  unex-  
plained. W o r k  will be con t inued  on th is  aspect .  

Influence of temperature on IAA-peroxidase activity under the 
influence of atrazine 

Temperature Atrazin 14CO6 released 
(~ dpm/g per 12 h % 

15 0.5 X 10-1~ M 11,113 30 
- 37,107 100 

25 0.5 X 10 -l~ M 45,053 106 
- 42,440 100 
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I n  s u b s e q u e n t  work,  i t  was  d e m o n s t r a t e d  t h a t  a n  
inf luence  of t h e  t r i az ines  on  c y t o k i n i n  m e t a b o l i s m  m a y  
p a r t l y  exp la in  t h e  t r i az ine  effects  on  senescence,  size of 
t he  leaves  a n d  s t e m  d iamete r .  JORDAN et  al. ~ h a v e  de- 
m o n s t r a t e d  a l r eady  a 50% i n h i b i t i o n  of t obacco  callus 
g r o w t h  in d a r k  cu l tu re  u p o n  a d d i t i o n  of 1 0 - 6 M  a t r az ine  
to t he  basa l  med ium,  which  c o n t a i n e d  0.05 p p m  kine t in .  
The  co r r e spond ing  h y d r o x y d e r i v a t i v e  was inac t ive .  The  
effects  of smal le r  c o n c e n t r a t i o n s  of a t r az ine  were no t  
e x a m i n e d  b y  t h e  au thors .  

As t he  s o y b e a n  ca l lus - tes t  is v e r y  specific for c y t o k i n i n  
ac t iv i ty ,  we h a v e  c o n t i n u e d  t he  e x p e r i m e n t s  w i t h  s oybean  
tissue. If  a t r az ine  exer t s  a n  inf luence  on  c y t o k i n i n  m e t a -  
bo l i sm in p lan t s ,  g rowth  s t i m u l a t i o n s  should  also be  
obse rved  a t  a d e q u a t e  he rb ic ide  di lut ions .  S o y b e a n  callus 
t i ssue  was p r e p a r e d  35 f rom t he  co ty ledons  of Glyc ine  
max.  var .  'Acme '  a n d  s u b c u l t u r e d  on  a n  n u t r i e n t  aga r  
m e d i u m  c o n t a i n i n g  0.5 p p m  k i n e t i n  a6 a t  i n t e rva l s  of 3 
weeks  (100 ml  f lasks w i t h  30 ml  agar) .  Fo r  t h e  assay,  
k i n e t i n  c o n c e n t r a t i o n s  were modi f ied  a n d  a t r az ine  was 
added.  The  slices were g rown u n d e r  diffuse l igh t  a t  25 ~ 
T h e y  looked ye l lowish  a f t e r  3 weeks. 10 r epe t i t i ons  (3 
slices pe r  flask) were m a d e  for  each  a t r a z i n e  concen t r a -  
t ion.  The  d a t a  (Figure  2) r ep re sen t  t h e  f r e shweigh t  in  
p e r c e n t a g e  of t he  u n t r e a t e d  control .  W h e n  k i n e t i n  was 
o m i t t e d  a n d  rep laced  b y  a t raz ine ,  t h e  t i ssue  did  n o t  grow. 
Therefore ,  a t r az ine  c a n n o t  replace  t he  k i n e t i n  a n d  does 
n o t  ac t  as a c y t o k i n i n  h o r m o n e  pe r  se in  t h e  p l a n t  t issue.  
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Fig. 1. Influence" of atrazine on lAA-peroxidase activity in oat 
coleoptiles, denlonstrated as ~4C02 released from IAA-lt4C (per- 
centage of untreated control). 

U p o n  a d d i t i o n  of 1 0 - 6 M  a t r az ine  to t he  basa l  m e d i u m  
c o n t a i n i n g  0.05 p p m  kine t in ,  t he  50% i n h i b i t i o n  of cal lus 
growth ,  wh ich  was d e m o n s t r a t e d  b y  JORDAN et  al. ~4 for 
tobacco,  was  s h o w n  to o b t a i n  in  s o y b e a n  t issue,  too. 
G r o w t h  r educ t ions  were obse rved  w i t h  a t r a z i n e  concen-  
t r a t i o n s  down  to  10-11M a t  t h e  0.05 p p m  k i n e t i n  level. 
Th i s  g rowth - suppre s s ing  effect  was  d i m i n i s h e d  a n d  even  
reversed  to a s t i m u l a t i o n  of cell d iv i s ion  a t  a h ighe r  
k i n e t i n  level  (5 ppm)  in t he  n u t r i e n t  agar,  as seen w i t h  
va r ious  c o n c e n t r a t i o n s  of a t r a z i n e  (Figure  2). Resu l t s  are  
expressed  as p e r c e n t a g e  I reshweigh t  w h e n  c o m p a r e d  w i t h  
t he  u n t r e a t e d  con t ro l  cul tures .  S t i m u l a t i o n s  of t i s sue  
g r o w t h  were  shown  to  occur  a t  t he  c o n c e n t r a t i o n s  r a n g i n g  
f rom 10-8-10-1SM a t raz ine .  

Severa l  a u t h o r s  h a v e  a l r eady  sugges t ed  t h a t  t r i az ine  
herb ic ides  m a y  in te r fe re  w i t h  p l a n t  m e t a b o l i s m  t h r o u g h  
a m e c h a n i s m  o t h e r  t h a n  p h o t o s y n t h e s i s  ~4,37,3s. The  
resul t s  of our  e x p e r i m e n t s  i nd i ca t e  t h a t  a u x i n  m e t a b o l i s m  
is in f luenced  ind i r ec t ly  b y  a t r a z i n e  t h r o u g h  i ts  ac t ion  
on  IAA-pe rox ida se  a c t i v i t y  wh ich  can  p a r t l y  c o n t r i b u t e  
to  a n  e x p l a n a t i o n  of g r o w t h  s t i m u l a t i o n s  or g r o w t h  
reduc t ions  in  p l a n t s  u n d e r  t he  in f luence  of t r i az ine  her -  
bicides.  Since t h e  a m i n o  acid level  was  r epo r t ed  to  
be  increased  u n d e r  s u b l e t h a l  c o n c e n t r a t i o n s  of t r i -  
azines  ~,39-41, p u r i n  m e t a b o l i s m  m a y  also be  effected.  
A c t i v a t i o n  of c y t o k i n i n  ac t iv i ty ,  as d e m o n s t r a t e d  w i t h  
t h e  soybean  cal lus t issue,  m a y  arise f rom th i s  rela-  
t ionsh ip .  

A s s u m i n g  t h a t  a l t e r a t i ons  of a u x i n  a n d  c y t o k i n i n  level  
in p l a n t s  are i m p o r t a n t  fac to rs  in  p r o t e i n  b iosyn thes i s ,  
t he  inf luence  of a t r a z i n e  on  p l a n t  h o r m o n e s  a t  a p p r o p r i a t e  
c o n c e n t r a t i o n s  sugges t  a new basis  for  a s a t i s f ac to ry  
e x p l a n a t i o n  of p r o t e i n  increases  in  t r e a t e d  p l a n t s  14, ,5, 4~-r 

Zusammen/assung. Die E n z y m a k t i v i t g t  der  I E S - p e r -  
oxidase  in H a f e r - K o l e o p t i l e n  wurde  d u r e h  A t r a z i n  in  
K o n z e n t r a t i o n e n  yon  10-1~ g e h e m m t ,  im Kon-  
z e n t r a t i o n s b e r e i c h  yon  10 -~ -10 -SM gesteiger t .  A t r a z i n  
i 6 rde r t e  fe rner  das  W a c h s t u m  y o n  S o j a b o h n e n - K a l l u s -  
gewebe  in G e g e n w a r t  v o n  5 mg/1 K i n e t i n  u n d  10 -l~ bis  
10-1SM A t r a z i n  i m  Nghraga r .  Diese E i n w i r k u n g  yon  
A t r a z i n  au f  den  W u c h s s t o f f m e t a b o l i s m u s  der  P f l a n z e n  
g ib t  e rs te  A n h a l t s p u n k t e ,  die zah l re ich  b e o b a c h t e t e n  
F 6 r d e r u n g e n  bzw. H e m m u n g e n  des P f l a n z e n w a c h s t u m s  
u n t e r  d e m  Einf luss  yon  A t r a z i n  zu erkl~ren.  Die R e s u l t a t e  
b i lden  we i t e rh in  eine neue  G r u n d l a g e  fiir eine m6gl iche  
I n t e r p r e t a t i o n  des <<Proteineffekts>> de r  Tr iazine .  
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Fig. 2. Growth of soybean tissue on a nutrient agar containing 
5 ppm kinetin and various concentrations of atrazine. Growth is 
shown as percentage of freshweight of control after 21 days. 
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